ABSTRACT An experiment was conducted to determine the standardized ileal digestible amino acid (AA) and AME n contents of expeller-extracted canola meal (EECM) fed to broiler chicks. One hundred forty-four broiler chicks were divided into 24 groups of 6 birds balanced for BW and fed 4 diets in a completely randomized design (6 groups per diet) from d 14 to 21 of age. The diets were a corn-soybean meal-based basal diet formulated to meet NRC nutrient requirements, the basal diet with energy-and AA-yielding ingredients replaced by 30% of either solvent-extracted canola meal (SECM) or EECM, and a low-protein casein-cornstarch-based diet. The SECM, which is commonly used in formulating poultry diets, was fed for comparison with EECM, whereas the casein-cornstarch-based diet was fed to estimate basal endogenous AA losses for determining standardized ileal digestibility of AA. All 4 diets contained titanium oxide (0.3%) as an indigestible marker, and nutrient digestibility and retention were determined by the substitution method. From d 19 to 21, excreta samples were collected for AME n determination. On d 21, the birds were killed by cervical dislocation, and contents of the whole ileum were obtained for determination of AA digestibility. Expeller-extracted canola meal had greater (P < 0.05) standardized ileal digestible contents of Gly, Leu, Ser, Thr, Asp, and Glu and tended to have greater (P < 0.10) standardized ileal digestible contents of Ile, Lys, Phe, Ala, and Tyr than SECM. Compared with SECM, EECM had greater (P < 0.001) AME n (2,694 vs. 1,801 kcal/kg). The results show that the EECM evaluated in the current study had greater standardized ileal digestible AA and AME n contents than SECM, and hence, it may be a better source of protein and energy for broiler chicks than SECM. The standardized ileal digestible AA and AME n values of EECM used in the current study could be used when formulating broiler chicken diets using the same to minimize the N excretion and feeding cost.
INTRODUCTION
Canola meal, a by-product of the canola seed-crushing industry to extract oil, is widely used as a protein source in poultry diets and is a good source of essential amino acids (AA), especially Met (AAFC, 2006; CCC, 2009) . Solvent extraction methods are commonly used to obtain canola oil, resulting in a meal that has less than 5% residual oil (Spragg and Mailer, 2007) . Expeller extraction methods can also be used to obtain canola oil but are less efficient, resulting in a meal with higher (8.0 to 15%) residual oil content (Bourdon and Aumaitre, 1990; Spragg and Mailer, 2007) . For expeller-extracted canola meal (EECM), the residual oil content is dependent on whether the seeds are passed through the system once (singly extracted) or twice (doubly extracted; Spragg and Mailer, 2007 ). Another important difference between solvent-extracted canola meal (SECM) and EECM is that the former is subjected to higher moisture (15 to 18%) and moderate temperatures (95 to 115°C) during the extraction, whereas the latter is subjected to lower moisture (less than 12%) but higher temperatures, which can reach 160°C, during extraction (CCC, 2009 ). Higher processing temperatures are known to affect the nutritive value of a feedstuff, especially with regard to the availability of some AA (Lea and Hannan, 1949; Anderson-Hafermann et al., 1993) . Also, moderate processing temperatures at higher moisture content can affect the nutritive value of a feedstuff (Lea and Hannan, 1949) . Thus, it is critical to determine the nutritive value of canola meals produced by different methods to optimize their utilization in formulating poultry diets.
The nutritive value of SECM has been evaluated in several poultry studies and it has been a subject of several reviews (Clandinin and Robblee, 1981; 
MATERIALS AND METHODS

Birds and Housing
One hundred forty-four 1-d-old male broiler chicks of the Ross 308 strain were obtained from a commercial hatchery (Carlton Hatchery, Grunthal, Manitoba, Canada) and used in this study. The chicks were individually weighed upon arrival and were divided into 24 groups of 6 birds balanced for BW. They were then group-weighed, and each group was housed in a cage in electrically heated Petersime battery brooders (Petersime Incubator Company, Gettysburg, OH). The brooder and room temperatures were set at 32 and 29°C, respectively, during the first week. Thereafter, heat supply in the brooder was switched off and room temperature was maintained at 29°C throughout the experiment. Light was provided for 24 h daily throughout the experiment. All experimental procedures were reviewed and approved by the University of Manitoba Animal Care Protocol Management and Review Committee and birds were handled in accordance with the guidelines described by the Canadian Council on Animal Care (CCAC, 1993) .
Experimental Diets
Four experimental diets were fed in the study. The diets included a complete corn-soybean meal-based basal diet formulated to meet NRC (1994) nutrient requirements, the basal diet with energy-and AA-yielding ingredients (corn, soybean meal, and dl-Met) replaced by 30% of either SECM or EECM, and a low-protein casein-cornstarch-based diet (Table 1) . The SECM was included in the study for comparison with EECM. The corn-soybean meal-based basal diet was fed to determine nutrient digestibility and retention by the substitution method (MacLeod et al., 2008) . The low-protein casein-cornstarch-based diet was fed to estimate basal endogenous AA losses for determining standardized ileal digestibility (SID) of AA. The evaluated EECM was obtained from Associated Proteins (Ste. Agathe, Manitoba, Canada), whereas the SECM was obtained from a local supplier. Titanium oxide was included in the experimental diets at 0.3% as an indigestible marker.
Experimental Procedure
From d 1 to 13 of age, the birds were fed a standard commercial broiler starter diet (FeedRite; a division of Ridley Inc., Winnipeg, Manitoba, Canada) in crumble form (2,713 kcal/kg of AME, 20.8% CP, 0.96% total Lys, 0.40% total Met, 0.80% TSAA, 0.53% available P, 0.97% Ca, and phytase at 500 phytase units/kg). On d 14, all 24 groups were reweighed to ensure that healthy chicks were used for the study and to have starting weight of chicks. The 4 experimental diets were randomly assigned to the groups (6 groups per diet) from d 14 to 21 of age. Fresh water and feed were available to all chicks for ad libitum intake throughout the experiment. From d 19 to 21, excreta samples were obtained from each cage daily and stored frozen at −20°C for later determination of nutrient retention and AME and AME n contents. On d 21, the birds were killed by cervical dislocation, and contents of ileum (from Meckel's diverticulum to approximately 1 cm above the ileal-cecal junction) were obtained and stored frozen at −20°C for later determination of SID of N and AA. The contents of the whole ileum were obtained for analysis because AA are mainly digested and absorbed in the duodenum and jejunum (Hurwitz et al., 1972; Bielorai et al., 1973) . Also, the amount of sample from each pen may not have been adequate for all of the analyses if a small section of ileum was taken.
Sample Preparation and Analyses
Daily excreta samples were pooled for each cage and oven-dried at 60°C, whereas ileal digesta samples were freeze-dried. Samples of canola meals, diets, excreta, and ileal digesta were finely ground in a coffee grinder (CBG5 Smart Grind, Applica Consumer Products Inc., Shelton, CT) and thoroughly mixed for analysis. All samples were analyzed for DM and N. The samples were further analyzed as follows: SECM and EECM for gross energy (GE), ether extract (EE), neutral detergent fiber (NDF), neutral detergent insoluble N (NDIN), and AA contents; ileal digesta and diets for AA and titanium contents; and excreta samples for GE and titanium contents.
Dry matter was determined according to the method of AOAC (1990; method 925.09) and GE was determined using a Parr adiabatic oxygen bomb calorimeter (Parr Instrument Co., Moline, IL). Nitrogen was determined using an N analyzer (model CNS-2000, Leco Corporation, St. Joseph, MI). The SECM and EECM samples were analyzed for NDF according to the method of Van Soest et al. (1991) using an Ankom 200 Fiber Analyzer (Ankom Technology, Fairport, NY) and for EE using hexane as the solvent according to the AOAC (1990; method 920.39). Samples for AA analysis were prepared by acid hydrolysis according to the method of AOAC (1990; method 982.30 ) and as modified by Mills et al. (1989) . Briefly, about 100 mg of each sample was digested in 4 mL of 6 N HCl for 24 h at 110°C, followed by neutralization with 4 mL of 25% (wt/vol) NaOH, and was cooled to room temperature. The mixture was then equalized to a 50-mL volume with sodium citrate buffer (pH 2.2) and analyzed using an AA analyzer (Sykam, Eresing, Germany) . Samples for analysis of Scontaining AA (Met and Cys) were subjected to performic acid oxidation before acid hydrolysis. Samples for titanium analysis were ashed and digested according to procedures described by Lomer et al. (2000) and read on a Varian inductively coupled plasma mass spectrometer (Varian Inc., Palo Alto, CA).
Calculations and Statistical Analysis
The apparent ileal digestibility (AID) and apparent retention of nutrients in diets were calculated as described by Nyachoti et al. (1997) , whereas SID of N and AA were calculated as described by Opapeju et al. (2006) . The AID, SID, and apparent retention (excreta data) of nutrients for SECM and EECM were determined by substitution (MacLeod et al., 2008) The AME content for SECM and EECM was calculated using the following equation: AME content (kcal/kg) = [(GE retention for SECM or EECM, %) × (GE content in SECM or EECM, kcal/kg)]/100. The AME n content for SECM and EECM was calculated from AME as described by King et al. (1997) using the following equation: AME n (kcal/kg) = AME − (8.22 × ANR), where ANR = apparent N retained (g/kg of feed intake). 1 Data are means of 6 pens of broilers with 6 broilers per pen. 2 CCS = casein-cornstarch-based diet; C-SBM = corn-soybean meal-based basal diet formulated to meet NRC (1994) nutrient requirements; C-SBM-SECM = the basal diet with corn and soybean meal replaced by 30% of solvent-extracted canola meal; C-SBM-EECM = the basal diet with corn and soybean meal replaced by 30% of expeller-extracted canola meal.
3 SECM vs. EECM = P-value for contrast of C-SBM-SECM diet vs. C-SBM-EECM diet. 4 FCR = feed conversion ratio.
Data were analyzed using the GLM procedure (SAS, 2002) as a completely randomized design. Treatment means (SECM vs. EECM) were compared using the t-test procedure.
RESULTS AND DISCUSSION
The analyzed composition of diets and feed ingredients are presented in Tables 2 and 3 , respectively. The analyzed CP value in the corn-soybean meal-based basal diet (17.34%) was lower than the calculated value (19.73%) in Table 1 and the NRC (1994)-recommended value (23%) for broilers in the starter phase. However, the AA digestibility would not have been different if the diet was adequate in AA because the AID of AA does not increase with an increase in dietary AA level when dietary CP is above 16.5% (Fan et al., 1994) , and SID of AA is independent of dietary AA level (Stein et al., 2007) . The analyzed CP values in the other diets were fairly close to the calculated values. The analyzed composition of canola meal samples (Table 3) was discussed in detail in the companion paper with pigs (Woyengo et al., 2009 ). The EECM and SECM were similar in CP content (41.8 vs. 41.4%, on DM basis). The analyzed values of GE (4,812 vs. 5,199 kcal/kg, on DM basis) and EE (5.54 vs. 12.03%, on DM basis) were, however, greater for EECM than for SECM. Also, the analyzed values of all AA except Met, Cys, and Ser were greater for EECM than for SECM; Cys was higher in SECM, whereas Met and Ser were similar for the 2 meals. The SECM had greater NDF (29.90 vs. 23.84%, on DM basis) and NDIN (2.58 vs. 2.28%, on DM basis) contents than EECM. The ADG, ADFI, and feed conversion ratio of the birds were unaffected (P > 0.05) by canola meal type (Table 4) , which could be attributed to the fact that the experimental period (7 d) during which the experimental diets were fed was not long enough for diets to affect performance. It would, thus, be interesting to see the effect of canola meal type on performance after feeding the diets containing the canola meals for a longer period of time. Tables 5, 6 , and 7 show the AID, basal endogenous losses, and SID of N and AA, respectively. Of the 12 indispensable AA, only the AID and SID of Ser and Thr were greater (P < 0.05) for EECM than for SECM, but the AID and SID of the other indispensable AA (except Met) were numerically greater for EECM than for SECM with differences of 1.1 to 6.9%. Of the 6 dispensable AA, only the AID and SID of Asp was greater (P < 0.05) for EECM than for SECM, but the AID and SID of the other dispensable AA (except Pro) were numerically greater for EECM than for SECM with differences of 3.5 to 1.7%. We have similarly observed lower AID and SID of AA for SECM than for EECM fed to growing pigs (Woyengo et al., 2009) . Others have also reported lower N digestibility for SECM than for EECM in growing pigs (Bourdon and Aumaitre, 1990) and in fish (Glencross et al., 2004) . General steps for solvent extraction of oil from seeds include i) pressing of the seeds to remove some oil, ii) solvent extraction of the pressed seeds to remove additional oil, and iii) desolventizing and toasting of the extracted meal at about 105°C for 20 min to remove the solvent (Spragg and Mailer, 2007; CCC, 2009 ). For expeller press oil extraction, the seeds are pressed as described for solvent extraction, but they are not solventextracted (Spragg and Mailer, 2007) . Newkirk et al. (2003a,b) observed greater AID of AA for nontoasted than toasted SECM fed to broiler chickens and attributed it to Maillard reactions because the color of the meal was changed from light yellow to brown by this process. Classen et al. (2004) reported that Maillard reactions occurred in canola meal during desolventization and toasting when the meal temperature and moisture content were at least 105°C and 10%, respectively. The moisture content in canola meal before the desolventization and toasting steps of the solvent extraction process is approximately 7% (Newkirk et al., 2003a) . However, during desolventization and toasting, the solvent is removed from the meal by infusion of a hot steam of water, which increases meal moisture content to as high as 15 to 18% (Spragg and Mailer, 2007; CCC, 2009) . Therefore, the lower AID and SID of AA in SECM (Van Soest, 1994) . Therefore, the greater NDF and NDIN contents for SECM than for EECM used in the current study strongly indicate the presence of Maillard reaction products in the SECM. Classen et al. (2004) also reported increased neutral detergent-insoluble N in canola meal after desolventization and toasting. The greater AID and SID of AA for EECM than for SECM could also have been due to the greater fat content in the former than in the latter. This is because an increase in dietary level of canola or soybean oil in diets for pigs has been shown to result in increased AA digestibility (Li and Sauer, 1994; Cervantes-Pahm and Stein, 2008) . However, the mechanisms by which canola or soybean oil could increase AA digestibility are not clear.
The AID of AA for SECM in broilers have been reported in several studies (Newkirk et al., 2003a,b; Adedokun et al., 2008) and the digestibility values reported in these studies are similar to those reported in the current study. To accurately formulate poultry diets with respect to AA supply, SID as opposed to AID coefficients should be used (Lemme et al., 2004) . However, the SID of AA of canola meal for poultry has only been determined in SECM (Adedokun et al., 2008) . To our knowledge, SID of AA in EECM for poultry have not been reported. The higher AA digestibility for EECM than for SECM is expected to result in improved broiler performance. Thus, it would be interesting to see the effect of inclusion of the EECM in broiler diets on performance.
In the current study, Glu, Asp, Pro, and Ala were the most abundant basal endogenous dispensable AA, whereas Tyr and Cys were the least abundant basal endogenous dispensable AA. Among the indispensable AA, Ser, Thr, Ile, and Leu were the most abundant basal endogenous AA, whereas Arg, Lys, and Phe were the least abundant basal endogenous AA. These basal endogenous AA losses were similar to those reported by Golian et al. (2008) , who also fed a casein-cornstarch diet (5% casein) to broiler chicks.
The EECM had greater (P < 0.05) standardized ileal digestible contents of Leu, Thr, Asp, Glu, Gly, and Ser and tended to have greater (P < 0.1) standardized ileal digestible contents of Ile, Lys, Phe, Ala, and Tyr than the SECM (Table 8 ). This greater standardized ileal digestible content of AA for EECM than for SECM could be due to the greater content and digestibility of AA for the former than the latter.
Compared with SECM, EECM had greater (P < 0.001) N retention (Table 9) , which could be due to the greater digestible content of AA for the former than for the latter. The greater retention of N for EECM than for SECM indicates improved N utilization and reduced excretion of N for the former than for the latter. The apparent GE retention for EECM was greater (P < 0.001) than that for SECM (Table 9) , and this could be due to the greater fat content in the former than in the latter. It could also be attributed to greater N retention for the EECM. The AME and AME n contents were greater (P < 0.001) for the EECM than for SECM (Table 6 ), which was due to the greater content and apparent retention of GE for the former than the latter. Bourdon and Aumaitre (1990) also reported greater ME content for EECM than for SECM fed to growing pigs. We recently also observed greater ME content for EECM than for SECM fed to growing pigs (Woyengo et al., 2009 ). One of the major factors that limits the inclusion of SECM in poultry diets is its low energy value (CCC, 2009 ).
In conclusion, the results show that the EECM used in the current study has greater digestible AA and ME contents than the SECM, and hence, it may be a better source of protein and energy for broilers than the latter. The standardized ileal digestible AA and AME n values of EECM used in the current study could be used when formulating broiler chicken diets using the same to minimize the cost of feeding and excretion of N. Table 9 . Apparent retention of gross energy (GE) and nitrogen and AME and AME n contents (on DM basis) of solvent-extracted canola meal (SECM) and expeller-extracted canola meal (EECM) fed to broiler chicks 1 
